


















































































































































































































































































































































Moisture content for 76 in. HpO moisture tension compared with

111

Table 17.
the liquid limit of gravelly sandy loam

semple®® ¢ Moisture ° Ave.C Dev.d ISHC (ASTM)® Compositionf

number 1 2 LLL PL PI sa sib ci

AADL-3556 23.54 23.52 24 2 22 16 6 L4 29 15
"O3771 25.99 26.41 26 0 26 17 9 48 23 14
" 7083 18.17 18.11 18 0 18 13 5 68 9 9
" 7086 28.03 27.88 28 0 28 14 14 56 13 13
" 7209 35.95 35.96 36 2 3+ 21 13 ke 27 15
" 8237 23.27 23.52 23 -2 25 13 12 55 18 13
" 8261 17.80 17.78 18 2 16 15 1 52 14 3
" 3771k 26.18 25.70 26 0 26 17 9 L8 23 14
" 7083k 18.96 18.99 19 1 18 13 5 68 9 9
" 7086k 27.16 27.44k 27 -1 28 14 14 56 13 13
" 7209K  35.79 35.35 36 2 3B 21 13 k2 27 15
" 8237§ 23,12 23.26 23 -2 25 13 12 55 18 13
" 8261 17.30 17.57 17 1 16 15 1 52 14 3

KRerun of group above at a later date.



Table 18%,

Moisture content for 60 in. H,0 moisture tension compared with the liquid limit of
soils from various groups run together

Sample Group % Moisture Ave. Dev. ISHC (ASTM) Composition
nunber 1 2 IL. PL PI sa si c
AADu-93oo gr. sal 28.01 28.61 28 1 27 18 9 64 6 3
9302 sa. 1.° 28.04  28.60 8 -0 28 16 12 sk 25 16
" 9303 " 20.35 20.62 20 2 18 17 1 L 22 7
¥ 9304 " 25.40 26,03 26 3 23 16 T 69 17 13
" 9308 - gr. sa. 1.° 26.70 27.04 27 b 23 15 8 6k 14 10
" 9311 s. co 1.9 63.80 65.80 65 -2 671 41 26 3 69 28
" 9312 - u 43.70 L4h.06 bk -2 6 26 20 2 69 29
" 9316 s. c.® k7.22 L46.51 L7 -2 k9 21 28 0 68 32
" 9317 " 42,17 L43.k9 L3 o 43 19 24 0 63 37
" 9319 " 43.12 39.53 41 0 b1 21 20 5 5 36

#See Table 9 for explanation of column headings.

aGranrelly sand.
bSandy 1oanio
CGravelly sandy loam.
dSilty clay loam.

®s5il1ty clay.

AR}
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Table 19. Comparison of liquid limit values rerun by ASTM standard,

compared with values taken from records previously run by
ASTM standard

Sample LL by ASTM 1L by ASTM Deviation®

number run during project from records
504-6 54 56 -2
507 -4 L L5 . -1
508-3 Sk 58 -l
505-4 32 33 -1
500-2 52 | : 54 -2
509 -k 37 35 2
L13-2 53 53 0
511-4 L6 L6 o}
L16-2 Ly L 0
AADL-3897 32 ‘ 31 1
" 6581 b7 L6 1
" 6793 35 31 4
v 721k 56 56 0
" 7009 3k 3k 0
" 7010 Lo 39 1
" 7011 o 39 2
" 7190 38 36 2
" 7192 43 b1 2
" 7197 3 6 3
"eTTT L 1 3
" 6779 69 66 3
" 6782 58 56 2
" 6794 33 30 3
" 6796 38 33 P
" 3913 Lo L5 i
" 6545 56 52 N
" 6579 41 36 5
" 6602 51 L9 2
" 6611 L1 36 5
" 6653 L1 L2 -1
" 6658 . 30 29 1
" 6659 43 k3 0
" 6683 o by : 39 5
" 6783 4o : } 37 3
" 373k 46 46 0
" 3796 31 31 0
" 664k 52 53 -1

8values run during project minus record values.



114
Table 20. Comparison of liquid limit values of two separate moisture
tension runs of gb clays at 4O in. H;0

Sample LL by moisture® LL by moisture Deviation®

number tension, 12-23-64 tension, 1-23-65

AADL-8266 52 52 0
" 8281 37 37 0]
" 8285 36 37 -1
" 8294 35 35 0
" 8315 L2 41 1
" 8320 35 37 -2
" 8337 Ly Ly 0
" 8342 37 38 -1
" 8347 41 41 0
" 8ho2 39 39 0
" 8416 48 50 -2
" 8423 37 37 0
" 8428 36 37 -1
" 8438 37 37 0
" 8hh3 33 3k -1
" 8kl b1 Lo -1
" 8hh7 62 63 -1
" 8458 51 52 -1
" 8461 50 50 0
" 8463 L1 Lo -1
" 8465 ko b2 -2
" 8hT2 L6 b7 -1
" 8478 Lo W7 =3
" 8489 - 50 50 0
" 8hol 5T 56 L
" 8492 55 35 0
" 8493 62 62 0
" 9017 35 36 -1
" 9018 56 5T =3
" 9019 L8 50 -2
" 5036 33 3k -1
" ookl 36 38 -2
" 9055 37 36 1

8yalues also used in Table 9.

byalues from 12-23-64 minus values from 1-23-65.



Table 20. (continued)

Sample LL by moisture® LL by moisture Deviation®

number tension, 12-23-64 tension, 1-23-65

AADL-906L4 43 45 -2
" 9065 41 42 -1
" 9067 58 59 -1
¥ 9068 38 39 -1
" 9069 50 50 0
" 9076 61 62 -1
" 908l 58 59 1
" 9091 L2 41 -1
“ 909k 39 39 0]
" 9095 86 85 1
" 9097 82 83 -1
" glol L1 Lo 1
" 9102 28 28 0
" 9105 35 36 -1
" 9116 51 50 1
" 9120 69 69 0
" 9125 52 52 -0
"og1h2 66 68 -2
" 9143 T1 75 =k
" o1kl 73 75 -2
" QlLL5 75 75 0
" 9190 46 L8 -2
" 9196 50 52 -2
" 9199 L2 43 -1
" 9203 52 53 -1
" 9215 43 L6 -3
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Table 21. Moisture content for 162 psi moisture tension compared with
the plestic limit of clay soils

Sample®® % MoistureP Ave.© Dev.d ISHC (ASTM)® Composition®

number 1 2 " IL PL PI sa8 il ci
AADL-3493  18.59 18.96 19 0] W 19 25 18 L3 37
" 3496 18.61 18.49 19 1 ks 18 27 23 35 L1
" 3505 22.05 22.01L 22 0 53 22 31 9 k50
" 3513  17.23 17.61L 17 -2 41 19 22 18 Lo 36
" 3515 18.90 18.k2 19 0 k1 19 28 26 31 ke
" 3516 17.61 17.36 17 0 b 17 25 22 36 Lo
" 3518 16,73 16.76 1T 2 Ly 15 29 36 28 35
" 3525 24,17 2k.u7 24 5 59 19 Lo 2 ko 56
" 3507 18.42 17.84 18 1 ks 17 28 25 31 4o
" 3508 16.84 16.80 17 2 W 15 29 30 31 37
" 3541 15.66 15.67 16 -6 38 22 16 15 48 37
"o3632 19.96 20.19 20 3 50 17T 33 20 39 39
" 3633 17.03 16.56 17 2 L1 15 26 26 L2 31
" 3637 18.74 18.15 18 0 Lo 18 24 18 48 33
" 3638 18.60 18.65 19 1 ks 18 27 28 34 37
" 3658 24,22 22.97 23 0 k7 23 24 14 43 43
" 3659 25.00 21.29 23 3 b9 20 29 15 43 96
" 3662 23.04 22.90 23 -3 ki1 26 21 21 39 39
" 3663 21.11 21.19 21 1 b9 20 29 21 38 Lo
" 3670 19.21 16.97 18 -2 -39 20 19 29 38 33
" 3674 17.98 17.75 18 3 46 15 31 26 3L 39
"3678  22.79 22.33 23 7 56 16 k4o 13 Ty) L7
" 3679 19.29 19.62 20 3 50 17T 34 25 32 43
" 3680 21.75 21.60 22 5 56 1T 39 9 L1 50
v 3684 28.62 28.49 29 6 67 23 L4 3 27 70
" 3730 19.25 21.57T 20 3 Y7 17 30 11 W7 Lo
" .3731  21.47 23.54 22 2 51 20 31 2 50 48
" 3736 15.83 15.49 16 1 38 15 23 33 31 35
" 3737 18.28 18.16 18 1 ks 17 28 12 Lk 43
" 3740 17.19 16.71 17 2 b2 15 27 33 28 39
"o37h5 15,73 15.94 16 -l 38 20 18 16 5 3k
" 3747 15.63 15.57 16 1 36 15 21 25 38 34
" 3827  15.44 k.04 15 -3 34 18 16 24 L3 33
"* 3831 16.05 15.71 16 0 36 16 20 21 43 36
" 3840 12.84 12.76 13 -2 32 15 1T 27 39 30
" 3843 16,83 16.65 17 0 38 17 21 34 29 34
" 3848 1443 1L.68 15 -k 38 19 19 15 L7 33
" 3853 29.19 28.57 29 2 7 27 51 0 . 24 76
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Table 21. (continued)

Sample®* ¢ Moisture®?  Ave.C Dev.d ISHC (ASTM)® Composit%onf ,
si ct

number 1 2 1L PL PI sab

AADL-3861 19.53 20.04 20 0 4 20 26 25 37 37
" 3870 20.86 20.57 21 1 48 20 28 21 36 43
" 3874 21.34 21.25 21 3 51 18 33 1k 39 L7
" 3875 18.61 18.25 . 18 2 by 16 28 27 36 37
" 3879 20.98 19.75 20 3 W6 17 29 15 k2 43
" 3880 19.32 19.94 20 3 48 17 31 22 37 41
" 3884 19.30 18.99 19 1 43 18 25 17 42 41
" 3885 19.38 19.66 20 1 b1 19 28 23 34 43
" 3801 14.98 15.14 15 1 35 1 21 30 38 32
" 3892 19.16 19.00 19 3 43 16 27 13 b 43
" 3806 18.60 18.60 19 1 Lo 18 22 27 37 36
" 3912 21.70 22.17 22 0 e 22 24 25 39 36
" 3915 21.32 20.63 21 2 y1 19 28 11 Ly 46
" 3950 27.41 26.09 27 0 57 27 30 21 36 42
" 3951 19.39 20.02 20 1 6 19 27 2L L1 36
" 6518 22.01 21.63 22 1 57 21 36 12 38 50
" 6520 27.95 26.84 27 3 67 ok L3 2 L7 51
"og5oh 22,66 22.20 22 -6 52 28 24 12 50 38
" 6506 16.12 15.83 16 1 37 15 22 30 7 4o
" 6531 19.66 19.9T 20 L by 16 31 10 418 k2
" 6532 18.69 18.24 18 b 48 14 34 19 39 41
" 6534 22,43 20.76 21 =l 41 25 16 24 L 32
" 6536 15.80 15.54 16 1 37 15 22 29 32 35
" 6537 20.48 20.26 20 -2 b1 22 19 22 Lo 38
" 6539 15.70 15.86 16 3 39 13 26 31 30 38
"G50 22.32 20.56 21 0 Ly 21 23 21 4o 39
" 6541 18.16 18.05 18 2 ks 16 29 28 27 42
" 6546  17.86 17.59 18 2 48 16 32 27 30 42
"o6547  16.96 19.79 17 2 b1 15 26 30 32 37 .
" 6581 18.07 17.66 18 L 46 1% 32 19 37 43
" 6589 16.20 16.21 16 2 39 1+ 25 28 39 33
" 6758  15.71 15.82 16 0 28 16 12 16 45 39
" 6766 21.51 21.25 21 3 48 18 30 13 25 58
6792  21.29 2L.47 21 -1 k2 22 20 1 39 60
" 6795 14.58 14,40 1k -k 33 18 15 26 L3 30
" 6798  15.65 15.67 16 2 33 1+ 19 31 iTe) 24
" 6800 18.23 18.22 18 2 39 16 23 3% 29 36

" 680k 15.51 15.71 16 .2 35 14 21 k2 2k 32
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Table 22. Moisture content for 7O psi moisture tension compared with
the plastic limit of silty clay soils

R Sampled® % Moisture® Ave.© Dev.d ISHC (ASTM)®  Composition®
number 1 2 I, PL PI sa8 sib ot ‘
AADL-3917 20.56 20.72 21 3 39 18 19 L 58 38 \
" 3939 18.79 18.78 19 -6 b2 25 17T 1 69 30 -
" 3964k 21.66 21.25 21 -1 41 22 19 2 64 3k |
" 3952  22.06 21.95 22 1 Wy 21 23 12 - 57 31 1
" 6519 30.18 29.83 30 3 53 27 26 3 51 46
" 6527  25.21 24.53 25 -1 b9 26 23 2 59 39 |
" 6528 23.85 23.81 24 5 ks 19 26 3 59 38
" 6529 22.35 22.34 22 6 L1 16 25 7 54 39 ‘
" 6548 2448 23.41 24 0 ks 24 21 2 60 38 .
" 6551 224k 22.76 23 -6 W 29 17 13 53 34 ‘
" 6552 26.51 26.43 26 2 W o4 22 7T 51 42
" 6555 24,20 2L.94 25 0 k9 25 24 11 53 36
" 6559 21.94 22.02 22 0 41 22 19 1 6k 35
" 6569 12,93 12.64 13 -7 31 20 1 8 73 19
" 6580 20.12 20.06 20 6 36 14 22 16 52 31
" 6584 22.71 23.02 23 7 L1 16 25 6 58 36
v 6585 18.71 18.75 19 -6 b 25 15 1 67 32
: "o 6586 19.49 19.66 20 -1 38 21 17 1 67 32
. " 6605 17.34+ 17.39 17 1 33 16 17 24 46 28
" 6609 18.12 18.18 18 -1 Lo 19 21 1 68 31
- " 6613 20.00 19.86 20 0 38 20 18 1 68 3l
" 6616 18.7Tk 18.53 19 -6 bo 25 15 1L 65 3h
" 6617 17.40 17.13 17 -1k L1 31 10 1 67 32
" 6620 16.89 17.34 17 -4 39 21 18 2 68 30
" 6650 17.99 18.17 18 -6 39 24 15 1 58 4
" 6651 19.13 19.76 19 -6 Lo 25 15 1 67 32
" 6652 19.07 19.03 19 -3 39 22 17 1 66 33
" 6653 20.62 20.63 21 0 kg 21 20 © 68 32
" 6654 20.40 18.46 19 -5 k2 24 18 o© 68 32
" 6655 17.80 17.77 18 -6 o 24 16 0 66 3k ‘
" 6656 17.38 17.35 17 -7 L1 24k 17 1 69 30 |
"o6660 16,09 16.21 16 -6 38 22 12 1 67T 32
" 6661 21.38 21.3Fk 21 0 kg 21 21 0 67 33
" 6668 20.18 19.09 20 -1 b1 21 20 1 69 30
"oG6T2  1T.L7 1T.47 AT -4 39 21 18 1 69 30
" 6673 19.89 19.72 20 1 k2 19 23 O 66 3k
" 66TT  21.27 20.22 21 1 39 2 19 o 68 = 32
" 6680 19.30 19.22 19 0 39 19 20 0 70 30
un 6682 23.89 24.28 2k 7 k7 17 30 b 61 34
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20 .62

Table 22, (continued)

Sample®* % Moisture®  Ave.® Dev.d = ISHC (ASTM)® Compositionf

number 1 2 ILL PL PI sa8 sih i

AADL-6685 21.33 21.52 21 L Lo 17 23 8 58 3k
" 6687 20.69 23.05 22 -2 Lo 24 16 1 67 32
" 6690 21.32 22.32 22 L 39 18 21 4 64 32
Y6692  19.27 19.66 19 -5 Lo 24 16 0 64 36
" 6695 20.07 23.05 22 5 39 17 22 2 66 32
" 6696 20.25 20.16 20 I 39 16 23 6 62 32
" 6697 1794 17.28 18 -6 bo o4 16 1 69 30
" 6853 22,69 22.44 23 6 L1 17 24 9 52 39
" 6856 20.76 21.08 21 L b1 17 2k 9 58 33
" 6863 19.59 19.46 20 0 3 20 15 12 57 31
" 6872 12,02 14.08 13 -8 3L 2L 10 3 66 31
" 6890 20.45 18.27 19 -5 37 24 13 1 65 34
" 6901 19.42 18.70 18 0 3 18 20 0 70 30
" 6902 18.50 19.38 19 -1 39 20 19 o0 68 32
" 690k  17.57 19.44k 19 =l 36 23 13 1 67 32
" 6905 18.52 18.28 18 -l 38 22 16 1 67 32
" 6906 23.33 27.85 23 -3 39 26 13 1 67 32
" 6909 19.43 19.18 19 -1 k2 20 22 0 6l 36
" 6911 19.19 19.37 19 1 38 18 20 0 68 32
" 6913 16.61 16.94 17 -5 bo 22 18 1 64 35
" 6916 17.71 17.75 18 -9 k1 27 1b 1 67 22
" 6917 20.68 22.54 21 1 Lo 20 20 0 68 32
" 6922 18.32 17.97 18 -6 bo 24 16 1 53 33
" 6923 1l.13 1l.02 11 -9 28 20 8 o0 56 Lk
" 6924k  20.39 20.0T 20 0 43 20 23 1 66 33
" 6925 18.44 18.55 18 -5 b2 23 19 1 65 34
" 6926 17.28 17.81 17 -5 36 23 15 1 64 35
" 6930 17.91 17.hk 18 -5 39 23 16 .1 67 32
" 6937 20.81 21.10 21 2 Ly 19 25 2 64 3k
" e9k2  19.70 20.0T 20 3 k2 17 25 1 65 34
" 6967 2h.ou 23.68 2k 5 Y 19 25 6 57 37
" 7038 18.10 17.86 18 -5 39 23 16 1 66 33
" 7072 15.39 15.12 15 -7 37 22 15 3 66 31
" 7073 18.42 17.79 18 -1 38 19 19 3 63 34
" 70Tk 26,13 25.87 26 L 52 22 30 0 . 60 Lo
" 7075 23.24 22.Th 23 L 43 19 24 2 65 33
" T0TT 20.69 20.90 21 -1 ke 22 20 3 57 Lo
" 7078 24.88 24,98 25 6 b9 18 31 1 €60 39
" 7084 20.L0 21 -1 k2 22 20 1 63 36
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Table 23. Moisture content for 35 psi moisture tension compared with
the plastic limit of silty clay loam

Semple®* ¢ Moisture®  Ave.® Dev.d IsHC (aSTM)® Compositiont
si ct

number 1 2 LL PL PI  sab

26 20 6
35 19 16

71 20
65 29
67 26

65 27

AAD4-3811 20.01 19.89 20
" 3814 19.05 18.94 19

0

o

" 3816 19.24 19.22 19 0 34 19 15

" 3817 20.53 20.55 21 1 35 20 15
2

9

6

7

- 8
" 3818 17.73 17.93 18 31 16 15 9 68 23
" 3826 16.37 16.24 16 -2 28 18 10 26 51 23
" 3844 17.90 17.69 18 -3 30 21 9 8 61 29
" 3849 21.60 21.b2 22 1 38 21 17 8 6L 28
" 3855 16.96 16.60 17 -6 35 23 12 13 62 24
" 3937 18.75 18.65 19 -3 3 22 12 2 T2 26
" 3938 20.18 20.45 20 -3 39 23 16 1 73 24
" 3940 23.55 23.73 24 1 36 23 13 2 72 26
" 3941 23.76 23.52 2L 3 37 21 16 1 70 28
" 3942 20.12 20.18 21 -3 36 24 12 1 76 23
" 3943 22.97 22.62 23 -2 38 25 13 2 T2 25
" o394k  21.09 20.87 21 -2 39 23 16 2 T4 23
" 3945 22.55 22.48 22 1 37 21 16 2 Th 24
" 3947 19.96 19.88 20 0 34 20 14 1 76 24
" 3957 23.28 23.06 23 -2 43 25 18 1k 56 29
" 6543 31.56 30.63 30 5 k6 25 21 2 69 29
" 6560 24k.50 24,48 24 i 35 20 15 0 70 30
" 6561 24.82 25.19 25 5 38 20 18 0 72 28
"o6562 24,05 23.63 24 5 35 19 16 0 70 30
" 6564k  29.65 28.19 29 2 W8 21 21 0 71 29
" 6565 19.26 19.47 19 -2 3+ 21 13 1 78 21
" 6568 23.75 23.60 24 6 36 18 18 7 o 29
" 6573 35.18 37.49 36 -5 59 4 18 7 69 23
" 65Tk 23.77 23.70 24 L 3 20 15 3 70 27
" 6578 20.25 20.18 20 1 35 19 16 1 75 ok
" 6582 23.08 24.07 23 L 36 19 17 0 72 28
" 6583 24.85 24.73 25 7 37 18 19 1 71 28
" 6599 20.86 21.31 21 -3 37 24 13 7 63 30
" 6610 20.16 21.44 21 2 34 19 15 1 73 26
" 6614 23.83 23.72 24 3 36 21 15 1 Th 25
" 6615 20.70 20.78 21 . 2 30 19 11 2 70 28
" 6619 17.51 17.65 18 0 27 18 9 6 67 27
" 6657 22.01 20.93 21 -3 Lo 24 16 0 70 30
-3 30 20 10 0 78 22

" 6662 1T7.35 1T.32 17
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Table 23. (continued)
Sample®* % MoistureP Ave.© Dev.d 1s5HC (ASTM)® Cog:omti;lon
number 1 2 IL PL PI sa
AADh 6663 20.53 22.91 22 -1 37 23 1k 9 64 o7
6667 19.65 19.89 20 -4 37 24 13 2 Th 24
" 6671 20.40 20.22 20 3 35 17 18 o 76 ol
" 6676 23.05 2L.68 22 -1 34 23 1l 0 T1 29
" 6678 24.32 24.82 24 b 37 20 17 0 T2 28
" 6679 25.50 25.19 25 6 b 19 21 0 71 29
" 6681 21.67 23.13 22 3 39 19 20 0 T1 29
" 6684 25.09 25.0T 25 6 39 19 20 1 70 29
" 6688 22.7h 21.92 22 0 38 22 16 0 76 2
" 6689 21.86 21.hk9 22 2 366 20 16 O Th 26
" 6693 22.74 22.96 23 3 35 20 15 0 T2 28
" 6694 24,98 24.56 25 7 37 18 19 o 173 27
" 6698 21.12 20.91 21 1 b 20 20 11 73 26
" 6699 23.56 23.76 2k 7 36 17 19 6 6k 30
" 6703 23.56 2h.72 24 L 36 20 16 1 73 26
o604k 25.40 25.04 25 6 - 38 19 19 1 71 28
" 6713 20.52 20.93 21 -2 33 23 10 16 62 21
" 6716 19.97 17.71 18 =7 39 25 1+ 1 65 ol
" 6725 24.33 24L.9L 25 0 L1 25 16 2 69 29
" O6ThO0  19.60 19.91 20 1 31 19 12 L 68 28
" 6Th9  21.56 20.53 21 2 3+ 19 15 0 Th 26
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Table 24. Moisture content for 70 psi moisture tension compared with
the plastic limit of clay loam

Sample®* ¢ Moisture®  Ave.© Dev.d 1SHC (ASTM)® Composit;ionf ,
si

nunber 1 2 ILL PL PI sa® c?t

AAD4-8245  1Lk.4k3 14.32 1k -8 33 22 11 26 L9 25
" 9140 17.25 16.90 17 -5 37 22 15 22 50 28
" 8247 19.53 19.22 19 3 35 16 19 36 39 25
" 8248 16.99 16.65 1T L 32 13 19 44 30 24
" 8249  16.78 16.86 17 -4 37 21 16 38 37 23
" 8250 19.05 19.14 19 2 35 17 18 32 39 26
" 8252 13.62 13.78 1k -3 31 17 14+ 35 Lo 20
" 8253 15.51 15.67 16 1 32 15 17 28 L2 25
" 8254 18.63 18.51 19 1 37 18 19 28 Ly 27
" 8256 14.26 13.91 14 -k 31 18 13 W 37 21
" 8258 -18.52 18.04 18 -1 39 22 17T 35 L1 2k
" 8280 15.11 15.20 15 -7 37 22 15 28 48 23
" 8300 17.84 18.04 18 3 32 15 17 31 39 30
" 8308 17.74 17.43 18 4 34 14 20 39 31 28
" 9186 18.77 18.30 19 -2 3 21 13 3k 4o 24
" 8316 17.73 17.89 18 L 35 14 21 K 32 26
" 8321  16.50 16.17 16 2 32 1 18 35 37 27
" 8329 12.14 12,31 12 0 23 12 11 37 36 22
" 8332 16.85 16.58 17 2 30 15 15 30 L1 25
" 8338 17.61 17.36 1T 2 32 15 17 33 39 26 - |
" 8349 13.87 13.27 14 -4 30 18 12 38 35 23
" 8362 17.83 17.88 18 3 30 15 15 26 46 27
" 8363 16.98 17.14 17 2 31 15 16 34 3k 28
" 8391 14.29 1k.29 1k 0 28 14 14 35 36 24
" 8392 15.92 15.94 16 2 30 1+ 16 32 Lo o7
" 8394 16.37 16.30 16 -1 36 17 19 35 35 27
" 8435 17.70 17.30 17 1 33 16 17T 36 32 29
" 84hk6  13.20 13.38 13 1 26 12 14 b7 31 20
" 9020 20.69 20.56 21 -5 Ly 26 18 36 34 27
" 9026 13.93 1lh.u2 1k 0 28 14 14 38 33 23
" 9027 14.53 1bk.2h 14 -1 28 15 13 k41 30 22
" 9028 19.35 19.87 20 -2 36 22 12 L4 28 25
" 9034 18.09 17.79 18 -3 36 21 15 37 3k 27
" 9035 16.27 16.73 17 -3 35 20 15 37 34 27
" 9037 1k.39 1.7 14 0 27 14+ 13 38 37 22
" 9038 26.53 27.26 27 -1 37 28 9 38 35 25
" ogoks5  16.87 17.16 17 -1 33 18 15 35 35 26

" g9ok6  17.35 17,24 17 2 31 15 16 25 47 25
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Table 24, (continued)
Sample®* 4 Moi sture’  Ave.C  Dev. ISHC (ASTM)®  Compositionf
number 1 2 ‘ LL PL PI sa® i c
AADh-9OL8  18.00 17.92 18 1 33 17 16 37 36 25
" 9ohk9 18.07 17.6L 18 2 33 16 17 38 33 26
" 9052 15.08 14.83 15 -2 29 17 12 35 21
" 9053 15.33 15.18 15 -5 - 36 20 16 38 33 23
" 9057 16.69 16.33 17 -5 39 22 17 38 38 22
" 9058 19.50 19.60 20 L 38 16 22 32 39 27
" 9059 16.91 17.03 17 1 32 16 16 27 45 25
" 9063 17.85 17.53 18 -2 35 20 15 23 L6 29
" 9071 17.13 17.22 17 3 3+ 14 20 33 35 29
" 9074k 11.73 11.91 12 <4 27 16 11 45 34 21
" 9075 1b.47 1444 14 -6 32 20 12 28 L6 26
" 9079 17.77 17.28 17 1 3 16 18 24 L7 29
" 9080 14.70 15.13 15 -5 34 20 14 29 45 26
" 9082 14.69 15.36 15 2 28 13 15 38 39 23
" 9086 13.83 13.76 1k -5 31 19 12 34 Lo pel
" 9096 17.74 18.18 18 0 38 18 20 30 3k 26
" 9107 14.78 15.22 15 1 27 14 13 L4 30 22
" 9108 14.55 14.89 15 -8 36 23 13 28 48 2L
" 9109 15.39 15.20 15 -4 31 19 12 33 L1 26
" 9111 14.72 14.82 15 1 28 14 14k 45 31 21
" 9113 15.20 15.51 15 -4 33 19 1 o 36 2k
14.60 15.06 15 2 26 13 13 W4 31 22

" 9139
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Table 25. Comparison of plastic limit values rerun by ASTM standard
compared with values taken from records previously run by
ASTM standard
Sample PL by ASTM PL by ASTM Deviation
number run during project from records
AADL 8353 21 23 -2
" 8336 15 16 -1
" 8U96 21 2k -3
"o8h21 20 21 -1
" 8L00O 17 18 -1
" 8367 18 21 -3
Table 26. Comparison of plastic limit values of two separate moisture
tension runs of 20 clays at TO psi
Sample PL by moisture PL by moisture Deviation
nunber tension, 12-17-64 tension, 1-7-65
AADL-8245 1h 15 -1
" 91ko 17 17 0o
" 82uT 19 19 0
" 8248 17 17 0
" 82ug 17 17 0
" 8250 19 19 0
" 8252 14 1k 0
" 8253 16 16 0
" 825k 19 20 -1
" 8256 14 14 0
" 8258 18 19 ~1
" 8280 15 15 0
" 8300 18 18 0
" 9186 19 19 o
" 8316 18 18 0
" 8321 16 7 -1
" 8329 12 12 0
" 8332 17 7 0
17 18 -1

] 8338




Table 27. Summary of all liquid limit data presented in Tables 9 through 20

Group Summary Number  Percentage of samples that are equal to or less than Ave,
of of a deviation of': dev.
table samples 1 2 3 L 5 6 7 8 9 10

clay . 9 1682 38.6 62.4 79.1 84.5 88.6 94.6 96.4 98.8 99.4 100 - 2.k
silty clay 10 158 41.8 62.7 81.7 92.5 98.2 99.h 99.k 99.h 100 2.1
silty clay loam 11 1)+2b 63.4 83.1 93.0 97.9 99.3 99.3 99.3 100 - 1.3
clay loam 12 96 71.9 90.7 98.0 100 1.2
loam : 13 32 90.6 96.9 100 0.7
silty loam 14 32¢ 78.1 96.8 100 0.9
sandy loam 15 o5d 72.0 100 1.0
silt 16 11° 81.8 100 0.8
gravelly

sandy loam 17 13% 53.8 . 100 1.5
combined run 18 10 ko.o 8.0 9.0 100 : 1.7
total all groups 9-18 687 55.9 77.0 88.9 94.3 96.9 98.5 98.8 99.4 99.8 100 1.7
comparison of ASTM
method rerun 19 39 43.6 66.7 T79.5 89.8 97.5 100 2.0
(various) ”
comparison of
moisture tension 20 60 94,9 96.6 98.3 100 1.0
rerun (clays)

8Includes 18 samples that were run twice. ®Tncludes 15 samples that were run twice.
CIncludes 10 samples that were run twice. dIncludes 2 samples that were run twice.

€Includes 5 samples that were run twice. frncludes 6 samples that were run twice.

YA



Teble 28, Summary of all plastic limit data presented in Tables 21 through 26

Group Summéry Number Percentage of samples that are equal to or less than Average
of of a deviation of: deviation
tables samples 1 2 3 L 5 6 7 8 9 10

clay 21 76 39.5 64.5 82.9 92.1 94.7 98.6 100 2.1

silty clay 22 78 33.3 37.1 43.5 56.3 70.5 88.4 94.8 96.1 98.7 100 3.7

silty clay loam 23 59 27.1 474 67.7 T7.9 84.6 93.1 99.3 100 2.9

clay loam 2k 60 30.0 53.3 65.0 83.2 93.2 94.9 96.6 100 2.8

total all groups 2l-24 273 33.3 50.9 64.8 T77.3 85.7 94.1 98.2 99.3 100 2.7

comparison of

ASTM method 25 6 50.0 66.7 100 1.8

rerun (various)

comparison of

moisture tension 26 20 100 0.3

rerun {clay loams)

91
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samples available, would appear to be insufficient for making positive
conclusions. However, it can be noted by visusl observation of the data
of the "groups", or individual runs within the larger textural groups,
that they vary in the same proportion as the entire group. It should

be reasonable to sssume then, that the variance of these groups woﬁld
have remained essentially the same if a great many more samples had been
run,

There is no clear cut criteria to Jjudge a éonsistency limit value.
There is ho geﬁeral agreement as to the magnitude of varisnce that
should bé allowsble, Jjust as there is no general agreement as to the
" acceptability of the ASTM standard methods in their present form (5, 6,
17, 18, 26, 21, 29, 30, 32, 3k, 43, 47, 50, 51, 59).

Considering the great number of factors that can contribute to
variance in the standard methods, it should be reasonable to conclude
that calling a liquid limit value 40, instead of 39, or 41, is in & sense
"arbitrary". In other words, there is doubt thét a "variance" of one is
really a variance at all. In his recent (1963) text, Scott (4k4) expresses
this idea as follows:

“The liquid limit of a soil determined on the basis of such a

test should not be expressed in decimals of & percentage; an

indication that the liquid limit in a given case is, say 4i% or
k5%, strains the accuracy of the device to the limit."

/
For the purpose of establishing some criteria herein for evaluating

the liquid limits, it will be assumed that a deviation of two should be
universally acceptable and the best that can be expected from reproducing

any group of liquid limits is that a large percentage do not vary more

than three or four. In this respect, the comparison run (Teble 19) in
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which 39 samples were rerun by the ASTM standard method and checked against
values taken from records (previously run by the ASTM sﬁandard method)
will arbitrarily be used herein as a guide.

. There is every reason to assume thét the results obtained in each
case vere as accurate and reliable as is humanly possible. They do, in
fact, show less variance than some reported reproducibility tests (17,
43). Also, see Table 1 of this thesis. Thus the criteria of "acceptabuie"
deviation assumed herein using Table 27 as a guide, would require'that:

1. 65 percent of the calculated results be within 2;

2. 80 percent of the calculated results be within 3;

3. 90 percent of the calculated results be within 4; and

L, average deviation should be within 2.

It is not anticipated that everyone would agree with the above criteria.
It is contended here; however, that since there is no agreement regarding

¢ this variation, that the above criteria.is reasonable considering thé
nature of the standard method with all its inherent shortcomings.

The analysis of 687 samples that represent the study of liquid
limits, shows that the results are well within the criteria established
above; i.e., 79.5 per cent of the results are within a deviation of 3,
66.7 ﬁer cent are within a deviation of 2, and the average deviation is
1l.7. Considering the groups individually, there should be no question
regarding the clay loams, loams, silty loams, sandy loam groups, as
more than 90 percent of all these groups are within a deQiation of 2,
with average deviations well under 2. The silty clay loam group is
slightly more variable, but it is well within both the total group devia-

tion and that of the standard method. The slilty clay shows about the
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same deviation as that of the standard method. The clay group is the

only one showing more deviation>than the standard, but only to a slight
degree. The clay group, because of its greater variation in composition
and properties, should be the most variable by any method. For example,
it can be seen by visual observation of Tables 9 (clay)vand.ls (sandy

loam) that the range of clay liquid limits is from 27 to T7; the range of
sandy-loam liquid limits is from 21 to 30. Their compositions vary spprox-
imately in relative proportion.

The data indicates that the liquid limit results run by the moisture
tension method are capable of reproducing the standard results with less
variation than the standard method. Considering the moisture tension it-
self, there is no doubt that it reproduces its own values closely. During
the experimental phase of this project, many samples were run a second
time; some of these reruns were accidental, others were used &s checks.
Reruns appear in Tables 9, 12, 1k, 15, 16, and 17; the high degree of
reproducibility can be easily noted. Also, two groups of 60 and 20 samples
each were rerun as a separate test of reproducibility and the results are
tabulated in Tables 18 and .24 and analysed in Tables 27 and 28 respectively.

Thé group that was rerun at 4O inches of water pressure in the
pressure plate apparatus showed that the deviation was not greater than
one for 94.9 per cent of the results, with a maximum of four and an
average of one (Table 27).~ The second group that was rerun at 7O psi
in the pressure membrane apparatus had all of its results within a devia-

tion of one, with an average deviation of 0.3 (Table 28). The 60 samples
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run at L0 inches of water pressures were all clays which probably accounts
. for their greater deviation compared to the second group, which was com-
posed of clay loams.

Any soil sample that is properly ground and consistently prepared
for‘moisture tension runs should result in the same high degree of repro-
ducibility for any number of runs.

The analyses of 687 samples that represent the study of liquid limits,
shows that the moisture tension values obtained compare to values obtained
by the standard method within the deviation that could be expected within
the standard method alone. The samples rerun indicate that the moisture
tension method has the capability of reproducing its own values with very
litfle deviation. In other words, the results indicate that the moisture
. tension method is .capable of producing a liquid limit value essentially
the same as would be obtained by the standard ASTM method with practically
no variation in reproducing the values,

The nature of the method and the equipment keep operator variability
to a minimum; it should be negligible. One other factor in favor of the
moisture tension method is its speed. In one container of four ceramic
 plates, 80 duplicate or 160 single samples can be run. One man could
possibly handle four such containers a day. Assuming that three sets
(12 containers) are available so that the operator can unload four and
load four every day; 320 duplicate or 640 single liquid limit values may
be obtainéd per day, on the average. This number is substantially more
than would be possible using the standard method;

The discussion above has been concerned with running each grouphat

a '"best" pressure as indicated by Teble 7. Even though the differences
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in pressure are small, it would be more convenient if all groups could
be run at one pressure, say 60 inches of water. One run of 10 samples
was made combining'gravelly sand, sandy loam, gravelly sandy loam, silty
clay and silty clay loam. The first three should be run at TO inches
of water, the silty clay lqam at 60 inches of water and the silty clay
at 40 inches of water. A variation was made in thié particular run in
that it was timed. It was anticipated that cutting the run off at 2L
hours, would leave the silty clays short of equilibrium and tend to
compensate for running them at the higher pressure which, at equilibrium,
should have resulted in values that were too dry. As for those that should
have been run at 7O inches of water (gravelly sand, sandy loem, and gravel-
ly sandy loam) it was hoped that the 10 inches of water pressure difference
would have a minor effect on the acceptability of the results.

On the basis of 10 samples, the results were entirely acceptable,
with 80 per cent of the results having a deviation less than two, 90
per cent having a deviation less than three, and the group having and
average deviation of 1l.7. One run of 10 samples should not be used to
make definite conclusions. Howefer, it does indicate the possibiiity
that & 24 hour combined run at 60 inches of water pressure has possibili-
ties that should be investigated further.

The results of the.plastic limit runs are analysed in Table 28.
Much of the general discussion above regarding acceptable deviation and
reproducibility of results is also applicable to the plastic limit
- determination by moisture tension.
The plastic limit values by the standard method are perhaps more

variable between different operators than the liquid limit values.
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However, to determine a reasonable criteria for evaluating the results is,
perhaps, not as easy. Ballard and Weeks (5) pointed out that an operator
could reproduce his own result with little variation, but that vafiation
between operators wes greater, Less research has been published regarding
plastic limit determinations, than is the case with liquid limit studies.
A few samples (6) were run by the ASTM standard hand method for comparison
to the values from the record. The six results are insufficient for

using as a reliable guide. Using the guide used with the liquid limit
values, it can be noted that only the clays are close to this criteria,
with over 80 per cent of the deviations being within three and an average
deviation of 2.1. There is little doubt that the silty clays values

could not be accepted, and the silty clay loams eand clay loams are
questionable.

Observation of the tabulated silty clay data (Table 22) shows that
there is wide variance. It can be noted that if a histogram of variations
were plotted that the values would have two modes, one at zero (10 values)
and another at -6 (also 10 values) with the remaining valueé widely
distributed and showing no central tendency. The clay loams and the
silty ciay loams also show wide distribution vith little or no central
tendency. There is no possible way to determine how much of this wide
distribution is caused by inherent variances in the standard method that
are assumed to be "correct" values. It was indicated by previous discus-
sion herein that the plastic limit point is less clearly defined by the
moisture tension method also.

The distinct double modal characteristic of the silty clays indicates

the possibility that there are soils within the textural group that have
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two distinct sets of chéracteristics, indicating that divisions within
the textural group would have to be made to improve the results. The
composition would seem t0 be suspect; -however, visual observations of
tabulated values in Table 22 shows definitely that there is practically
no difference of compbsition in the values that deviate O or 1 and those
that deviate 5 or 6. It wpuld appear that a great deal more study would
be required to determine the cause of the variance and to find methods
or factors that would compensate for it. In general, the plastic limit
results cannot be generally termed "acceptable" based on the available
data. However, the method could be used for the determination of plastic
limit values for clays and good results should be possible.

One note of caution is in order regarding the results presented
herein. It must be remembered that all of the runs at specific pressure
" were made on Jowa soils. There is no assurance that the pressures
presented herein would achieve the same results in a different geological
environment. It is possible thét it would meske little difference; never-
theless, some preliminary determinations should be run.

In regard to preliminary determinations, it has previously been
pointed out that the curves were of little value in picking & pressure.
Another method is recommended. Instead of plotting several points, make
regular runs at : several different pressures and calculate the algebraic
deviation. Plot this'variation against pressure and & line drawn through

the points should intersect the pressure axis at the correct pressure.
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SUMMARY AND CONCLUSIONS

The objective of this project was to investigate the feasibility of
using moisture tension as a practical method of approximating consistency
limit values. The first "phase" consisted of obtaining points and plott-
ing moisture tension desorption curves for each textural group. The
curves turned out to be of little value in determining usable pressures.
However, an evaluation of the curves in light of theoretical concepts of
both mﬁisture tensionvand plasticity, provided a basis to evaluate the
soundness of the moisture tension method aﬁd showed that a definite
relationship existed between the two. Whenever possible, theoretical
explanations were given to the curves. In regard to finding specific
pressures, trial and error was finally necessary.

After a pressure was determined for each group, 960 consistency
determinations were made (687 liquid limits and 273 plastic limits) and
the results were tabulated and analysed. A criteria was suggested and
the deviations were tabulated.

Conclusions arrived at are as follows:

1. Moisture tension desorption curves follow a predictable pattern
for each textural group studied. Although forces other than capillarity
play an important role, probably a dominant one in the clays, the
composition maihly controls the parémeters that affect curve shape.

2. The désorption curve can be divided into three distinct regions.
By assuming popularly acceﬁted moisture tension and plasticity theory as
being correct, the three regioﬁs, "iower flex", "upper flex" and the

"unloading region" between the flexes, are analogous'to the liquid limit,
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plastic limit and plasticity index, respectively. The moisture tension
method of liquid limit determination is based on theoretical principles
and offers a less empirical, less arbitrary and more clearly defined
point than the standard ASTM method.

3+ There is essentially no operator variability connected with
the moisture tension method. A test indicated that wide variances in
initial condition of the soil had little effect on thé resulting value;
therefore, differences in operator technique shogld not affect the results,
the equipment itself offers no source for variation, and that caused by
sampling, or splitting a sample into portions, is minimal.

L. The moisture tension method can be used to approximate liquid
limits of Jowa soils with less veriance than that of the ASTM standard

method at the following pressures:

Clay _ 4O inches of water pressure
Silty clay L0 inches of water pressure
Silty clay loam 60 inches of water pressure
Clay loam 60 inches of water pressure
Loam T0 inches of water pressure
Sandy loam T0 inches of water pressure
Gravelly sandy loanm TO inches of water pressure
Silt TO inches of water pressure

5« The effect of textural groups on liquid limit determination is
not especially critical; the total pressure difference used being only
30 inches of water or 1.09 psi. Obtaining acceptable results, then, at
one préssure cannot be ruled out, although a time factor may be required.

6. The plastic limit value of clay can be epproximated at 162 psi
and should be within the deviation established herein. However, the rest
of the plastic limit groups run were questionable.

7. The limit values obtained by moisture tension can be reproduced

at the same tension with little variation; they are reproducible to a
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high degree.

8. The quality of the results and the speed of making determinations
make the moisture tension method a valuable substitute for liquid limit
devices. The method shows such promise that it should be valuasble to
any organization running values in great number.

9. The plastic limit determination by moisture tension shows enough

possibility that it should be studied further.
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SUGGESTIONS FOR FURTHER STUDY

On the basis of the present investigation, the following areas of
further study are suggested:

1. A more extensive program of running limits aﬁ one pressure, such
as 60 inches of water for all liquid limits.

2. Groupings other than textural groups should be attempted with
the plastic limits.

3+ Along with the programs above, the same consistency limit values
should be also reproduced by the standard ASTM method so that a more
meaningful statistical comparison can be made.

L, "Uhdisturbed" samples should be investigated as they are obtained;
€.g. take a 2 in. core and slice of 1/k - 1/2 inch "discs" and run in the
usual manner. ' |

5. The effect of a time variable should be studied. The operation
could perhaps be.speeded up by running at higher pressures for shorter

times.
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